Background Atrial fibrillation, which occurs in 12% of all major foregut surgeries, can prolong hospital stay and increase morbidity. Minimally invasive techniques in foregut surgery have been suggested to cause less tissue trauma. We examined the factors associated with newonset atrial fibrillation after foregut surgery at our institution. Methods We retrospectively examined the records of 154 adult patients who underwent major foregut surgery which included esophagectomy, partial or total gastrectomy, redo Heller myotomy, redo or transthoracic fundoplications. Univariate and multivariate logistic regression analysis with standard modeling techniques were performed to determine risk factors for new-onset atrial fibrillation. Results Of the 154 patients, 14 patients developed newonset atrial fibrillation with a higher mean age of 67.1 years (±8.8 years) versus 56.4 years (±14.1 years) (p = 0.006). Laparoscopic (p = 0.004) and nonthoracic surgeries (p = 0.01) were associated with lower risk of atrial fibrillation. Patients with atrial fibrillation had received more fluid (6.5 ± 2.8 liters versus 5.3 ± 2.0 liters) and had longer operations (370 ± 103 min versus 362 ± 142 min), none of which were statistically significant. The average intensive care length of stay of patients was longer: 7.5 ± 6.8 days versus 4.0 ± 7.1 days (p = 0.004). Multivariate analysis revealed an association of atrial fibrillation with age (OR 1.08, 95% CI 1.02-1.14, p = 0.01), and laparoscopic surgery (OR 0.09, 95% CI 0.01-0.95, p = 0.04) after adjusting for surgery type.
A subset of patients after major foregut surgery develop transient atrial fibrillation and this is usually associated with an increased length of stay in the ICU. The incidence of atrial fibrillation after major esophageal and noncardiac thoracic surgery has been well described as being around 12% [1] [2] [3] [4] [5] . Atrial fibrillation has been used as a surrogate marker of morbidity and mortality after esophagectomies [2] . However, there is only limited data on atrial fibrillation after major reflux procedures such as a transthoracic fundoplication [6] . Arrhythmias after foregut surgery contribute to significant morbidity and increased hospital length of stay [4, 7] .
The etiology for this has been attributed to atrial distension after surgery [8, 9] , systemic inflammation, catecholamine surge [10] [11] [12] [13] , sterile pericarditis, myocardial ischemia, and potentially direct trauma to the atria [8] , although none of these have been thoroughly substantiated in clinical studies. Many studies propose various risk factors for development of postoperative atrial fibrillation with noncardiac thoracic surgery, but studies only on foregut surgery are few. Laparoscopic surgery causes less tissue trauma and systemic cytokine surge as compared to open surgery, which we believe may contribute to decreased atrial fibrillation [14] . The purpose of this retrospective study is to understand the risk factors and role of laparoscopic surgery in the development of atrial fibrillation after major esophagogastric surgery.
Methods
We retrospectively reviewed the records of all patients undergoing major foregut surgery from December 2003 to July 2006 at the Esophageal Center at Crighton University, which is a tertiary-care referral center for foregut surgery. Institutional review board approval was obtained prior to data abstraction and individual patient consent was waived. We included all adult ([19 years) patients who underwent major foregut surgery defined as esophagectomy (transhiatal, transthoracic, and minimally invasive), transthoracic fundoplication, redo Nissen fundoplication, redo Heller myotomy, and gastrectomy [50%. We excluded patients with [75% missing data, of which there were none.
Standard data abstraction forms were used to obtain data on our primary outcome, which was postoperative atrial fibrillation, and our secondary outcomes including mortality and ICU length of stay. Variables investigated for association included age, gender, body mass index (BMI), smoking status, congestive heart failure, chronic obstructive pulmonary disease, preoperative statin use, hypertension, diabetes, and preoperative use of antiarrhythmics amongst others. Intraoperative details of the type of surgery and the total operative time were also recorded. Postoperative variables including fluid balance for the first 24 h, the use of blood or blood products, and PaO 2 /FiO 2 ratio were used for the analysis. Complications such as anastomotic leakage and sepsis were included in addition to mortality and ICU length of stay.
Patients with preoperative atrial fibrillation were also included in the data set, although the data was analyzed separately. The presence of atrial fibrillation was confirmed with electrocardiograph (EKG). Occurrence of other arrhythmias was also noted. The standard electronic analysis along with a physician read was used to confirm the outcome variable. The rhythm strip on the last day of monitoring was used to calculate the duration of atrial fibrillation in patients. In those not on monitoring the presence of a normal EKG was used to calculate the duration of atrial fibrillation, or else it was believed to be persistent at discharge.
The study data was manually reviewed prior to computer entry to look for omissions, illegible entries, and gross errors. The data was validated via range and logic checks to allow for quick identification of data collection problems and to minimize the amount of missing data. Statistical analysis was performed using Intercooled Stata 9.0 (Houston Texas). An alpha value of 0.05 was considered significant for all tests. T-tests with appropriate use of Fischer's modification were used for continuous variables, whereas the Wilcoxon rank sum test was used for nonparametric tests. The chi-square test was also used when appropriate. Logistic regression was used to identify association with atrial fibrillation. Model checking using the Hosmer-Lemeshow test was used to confirm fit of the model. Heteroscedasticity of the residuals and robust standard errors after excluding variables with large deviance residuals was also used to double check the model.
Results
We reviewed the records of 154 patients, which were all used for the purposes of the analysis. Of these 14 patients (9%) developed new-onset postoperative atrial fibrillation, which was sustained on the last day of monitoring in two patients based on either electrocardiograms or continuous telemetry monitoring (14% of 14 patients). However, upon follow-up in clinic none of the patients had atrial fibrillation. Nine patients had pre-existing atrial fibrillation and their data was excluded for the purposes of the analysis.
Demographics
The mean age of patients who developed new-onset atrial fibrillation was 67.1 years (±8.8 years) while for those who did not develop atrial fibrillation was 56.4 years (±14.1 years, p = 0.006). The mean age of patients with pre-existing atrial fibrillation was 70 (±11.4 years, p = 0.52). Fifty three percent of the patients were female (n = 82), and the percentage of women was similar in groups with (n = 8, 57%) and those without atrial fibrillation (n = 73, 53%, p = 0.78). The BMI in the two groups was also similar (27.7 ± 3.4 versus 28.2 ± 6.7, p = 0.78).
Pre-existing medical conditions
Chronic obstructive pulmonary disease (COPD) was present in 28.5% (n = 4) of patients with new-onset atrial fibrillation, while 26.2% of patients without atrial fibrillation (n = 36) had COPD (p = 0.85). Only one patient (n = 7.0%) in the new-onset group had congestive heart failure (CHF) compared to 9 patients (6.5%) in the no atrial fibrillation group (p = 0.93). Hypertension (p = 0.73) and diabetes mellitus (p = 0.16) were also similar in the two groups.
Medications used
The use of preoperative statins was compared between the two groups; 43% of patients with new-onset atrial fibrillation (n = 6) used statins while only 23.3% (n = 32) used statins in the control group; however, this difference was not significant (p = 0.11). The use of NSAIDS (21% versus 18%, p = 0.77) and ACE inhibitors (0% versus 16.8%, p = 0.09) were also not different in the two groups. Interestingly, the use of angiotensin receptor blockers was much higher in the new-onset group (n = 3, 21%) as compared to the no atrial fibrillation group (n = 10, 7.3%) but this did not achieve statistical significance (p = 0.07).
Characteristics of the surgery Surgical procedures performed were categorized into predefined categories. Any additional foregut procedures in a patient were also recorded and used for the analysis. Fifty one patients had an esophagectomy (33%), 54 (35%) had a gastrectomy (either as an individual procedure (n = 11) or in addition to another procedure (n = 43)), and 10 patients had a redo Heller myotomy (6.5%). The majority of the procedures were fundoplication (n = 82, 53%); however, some proportion of these were performed as part of another procedure (e.g., redo Heller myotomy with fundoplication). Fifty one percent of all surgeries were redo surgeries (n = 79), while 44% of these were laparoscopic surgeries (n = 68), including those in patients with pre-existing atrial fibrillation. Eight (5.2%) were thoracoscopic procedures, while 52 (33.7%) procedures had a thoracotomy. The details of the operative time, estimated blood loss, and blood products used are given in Table 1 .
One patient among 63 (1.5%) who underwent laparoscopic surgery (excluding patients who had pre-existing atrial fibrillation) developed atrial fibrillation, as compared to 13 patients out of 81 patients (16%) who had open surgery (p = 0.004). Eighteen percent of patients (n = 51) who had a thoracic incision developed new-onset atrial fibrillation as compared to 5% in the other group (p = 0.01).
Laparoscopic surgery also differs from open surgery in the operative time and we found that after adjusting for operative time in the univariate analysis, the results did not change significantly (OR 0.07, 95% CI 0.01-0.58, p = 0.01). This held true even in the multivariate analysis although the statistical significance was marginally changed (OR 0.09, 95% CI 0.01-1.14, p = 0.06). Our patients who had laparoscopic surgery did have lower blood loss (385 ± 600 ml versus 782 ± 908 ml, p = 0.002) and also had lower postoperative day 1 fluid balance (685 ± 1283 ml versus 1186 ± 1564 ml, p = 0.03). However, after adjusting for the estimated blood loss in our model there was no change in the odds ratio that was significant (OR 0.07, 95%CI 0.01-0.61, p = 0.01). Our conversion rate to open was 6% (n = 9) of which four were for redo Nissen fundoplications and repair of large paraesophageal hernias, three for redo Heller myotomies, one for a VATS-assisted esophagectomy, and one for a partial gastrectomy.
Patients who underwent laparoscopic redo surgery (n = 21) had a lower incidence of atrial fibrillation (0% versus 17%, p = 0.04).
Postoperative care
Postoperative fluid balance revealed a larger positive fluid balance in patients with new-onset atrial fibrillation (1387 ± 1171 ml versus 972 ± 1465 ml) but this did not reach significance (p = 0.31). The PaO 2 /FiO 2 ratio, which was used as an objective surrogate for postoperative pulmonary status, was also not significantly different between the two groups (260 ± 54.5 versus 287 ± 83, p = 0.24), although it was lower in the new-onset group. The length of stay was different in the two groups and patients developing new-onset atrial fibrillation had a longer ICU length of stay, which was statistically significant (Table 1) .
Other arrhythmias
New-onset atrial fibrillation was seen in 14 patients out of the 154 patients and the median day of onset was postoperative day 2 (interquartile range 1-4 days). These patients also had a higher incidence of other transient arrhythmias such as junctional rhythm (57% versus 30%, p = 0.04), bradycardia (71% versus 30%, p = 0.002), paroxysmal supraventricular tachycardia (100% versus 57%, p = 0.002), and paroxysmal atrial contractions (71% versus 30%, p = 0.002). Conduction delays such as firstdegree AV block was also more common in the atrial fibrillation group (57% versus 30%, p = 0.04), but this may have been from the treatment since temporality was not considered in the analysis.
Multivariate analysis
Logistic regression was performed and the results are shown in Table 2 . Laparoscopic surgery and age were consistently significant in the different models tested, however the use of robust standard errors in the model changed the p-value of laparoscopic surgery to 0.10 (nonsignificant), suggesting a possible instability of the model due to small numbers.
Discussion
Atrial fibrillation after noncardiac thoracic surgery and esophageal surgery has been studied in a multitude of retrospective studies. Hyperadrenergic responses [1, 10, 12, 13] , atrial distension [3, 15, 16] , and systemic inflammation [17, 18] are some of the major hypothesis for the causation of atrial fibrillation after surgery. Foregut surgery shares similarities with noncardiac thoracic surgery in its proximity to the cardiac tissues, however, the domain of the surgery is often restricted to the abdomen. We found our incidence of atrial fibrillation (9%) to be similar to other studies published [1] [2] [3] [4] [5] . In our study we have attempted to identify the risk factors for atrial fibrillation after major foregut surgery. Laparoscopic surgery has been shown to have a lower immune response than open surgery due to decreased tissue trauma both in randomized trials [19, 20] and in laboratory studies [21] . It has been shown that the levels of TNF-alpha and CRP are decreased significantly after laparoscopic cholecystectomy [19] . In an independent study, leucocytosis was suggested to be an independent predictor of atrial fibrillation after noncardiac thoracic surgery and it can be reasoned that laparoscopic surgery may contribute to this effect [17] . We found that the odds of developing atrial fibrillation after laparoscopic surgery in our series was significantly reduced (0.09, 95% CI 0.09-0.95, p = 0.04) as compared to open surgery.
Postoperative fluid balance has not been shown to be as consistent a predictor for atrial fibrillation as right atrial distension/filling pressure [15] in the postoperative period and our study failed to show any effect of the fluid balance alone in the immediate postoperative period (Table 1) . Another hypothesis according to which laparoscopic surgery can decrease postoperative atrial fibrillation is by changing the pulmonary mechanics [2] . However, laparoscopic surgery can also change the ventilation mechanics in patients with COPD due to the CO 2 insufflation. We found that the distribution of patients with pulmonary disease were nonsignificant between the two arrhythmia groups (see Table 1 ) and the PaO 2 /FiO 2 ratio was not different between those who underwent laparoscopic and open surgery (p = 0.30).
Preoperative drug use has been very keenly investigated to predict development of atrial fibrillation. Calciumchannel blockers such as verapamil and diltiazem have been shown to have no effect in reducing arrhythmias after noncardiac surgery and our study suggests the same (14% versus 11.5%, p = 0.76) [22, 23] . An interesting hypothesis that statins or NSAIDs might decrease inflammation and hence contribute to decreased atrial fibrillation has been propagated but our study did not find a similar association [24] .
Age has uniformly been regarded as one of the strongest predictive factors for atrial fibrillation after noncardiac thoracic and esophageal surgery and our study re-iterates the same [24] . This is attributed to degenerative changes in atrial anatomy and changes in physiology such as shorter refractoriness and longer SA and AV nodal conduction times, which may contribute to this [25] . We found a linear increase in the effect of age on postoperative atrial fibrillation.
The presence of atrial rhythm abnormalities in the postoperative period has been associated with the development of atrial fibrillation, and our study found similar results (Table 1) . However, given the nature of the study we are unable to determine the temporality of this and we plan to undertake a study to delineate the same. We did find that patients who developed postoperative atrial fibrillation had longer length of stay in the ICU, which is consistent with previous literature (7.5 ± 6.8 days versus 4.0 ± 7.1 days, p = 0.004) [7] .
Our study does suffer from some limitations including its retrospective nature and the limited number of cases. We are in the process of expanding our database and hope to publish our updated findings subsequently, but also believe that a large prospective study may be in order to determine the risk factors for atrial fibrillation after foregut surgery separate from general thoracic surgery. The heterogeneity of the type of surgery is also a potential limitation but we believe that the similarity in the anatomical location and manipulation make these types of operations have similar cardiac effects, which may be different from pure thoracic surgery. We have attempted to adjust for this our statistical models, and did not find much difference in our findings after adjusting for the type of surgery.
In conclusion, our study suggests that laparoscopic surgery is associated with a decreased risk of atrial fibrillation after foregut surgery. Age consistently demonstrates a positive association with development of atrial fibrillation. Postoperative dysrhythmias may predict the onset of atrial fibrillation. However, the exact mechanism and the population estimate of the benefit of laparoscopic surgery needs to be determined by a larger prospective study. Postoperative atrial fibrillation is associated with longer ICU length of stays and the additional costs of laparoscopic surgery may be offset by reducing hospital costs. The future holds promise for the use of novel predictors such as pro B-type natriuretic peptide, which has been suggested to predict atrial fibrillation after thoracic surgery [14] .
